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1. Inceprarist Ha 3000YTTSI HAYKOBOTO CTyNEHs JokTopa pinocodii 3a cnenianpHicTio 113 «IIpuknagHa
MaTteMaTuka». — HanioHasbHUl TeXHIYHUN YHiBepcuTeT YKpaiHu «KUiBCbKUM NOJITEXHIYHMI IHCTUTYT iMeHi Irop4
Cikopcbkoro», Kuib. — 2026. MeTta po60Tu — IiABUIIEHHS SIKOCTi KJIacTepu3allii Ta 3MEeHIIEeHHSI 069N CIIIOBATIbHUX
BUTPAT MiJ, 4yac 06p06JIEHHS BEJIMKUX JAHUX, & TAKOX 3a0€311e4eHHsI CTIMIKOTO IO pO3NOJiIbHOrO Apendy
iTepaTUBHOIO OHOBJIEHHS iHIIEKCHUX CTPYKTYP Y BEKTOPHUX 6a3ax JaHUX 0€3 MOTPedH B ix NepiognyHill OBHIN
nepe6yznoBi. 711 BOCSITHeHHSI MeTH B poOOTi BU3HAYEHO HACTYIIHI HAYKOBI 3aBAAHHS: ® aHAJI3 iICHYIOUNX METOIiB
KJlacTepu3allii Ta BUSIBJIEHHS iX [lepeBar i HeloJIiKiB py BUpilIeHHI 3a/1a4 KJIaCTEPHOTO aHajli3y; ® po3poOKa METOLY
CTOXAaCTUYHOI KBa3irpaAieHTHOI KjacTepu3aliii Ha OCHOBI TPaHCIIOPTHOI 3aa4i 3 PyXOMMMMU LIEHTPaMHU 32
IOTIOMOTOI0 CTOXacCTUYHOI anpokcumalii Kipepa-Boabdosila; ® BUBeLEHHS! yMOB 301KHOCTI 3alIPOIIOHOBAHOTO

METOJY Ta JOCJiJIKEeHHS MBUAKOCTI 361)KHOCTi 3 BUKOPUCTAHHSIM €JIEMEHTIB HEerJIaZikoro aHali3y; ® 3allpOBaI>KeHHSI



CTPYKTYPH JAHUX CTOXaCTUYHOTO iHBEPTOBAHOTO (PalyIOBOrO iHIAEKCY Ha OCHOBI iCHYIOUOI CTPYKTYPU JAHUX 3
BHUKOPHCTaHHSIM 3alIpOIIOHOBAHOTO METOLY /JIsl PO3OUTTSI METPUYHOIO IIPOCTOPY BXiHUX NAHUX; ® IIPOBEIEHHS
€KCIIEPMMEHTAJIbHUX JIOCIIiI)KeHb Ha BiIKpUTUX Habopax paHux Iris, MNIST ta ImageNet 3 o11iHKOI0 TOUYHOCTI 32
IOTIOMOTOI0 CTaTUCTUYHMX METPUK, TaKUX SIK iHAeKC PaHa Ta cepeIHbOKBaApaTUYHA NOMUIKa. HaykoBa HOBU3HA.
Y muceprauii ogeps>kaHO HOBI HAyKOBi pesyabTatu: 1. 3amady Kiactepusalii 3B€1eHO L0 HOBOI HEOIIYKJIOl HErJIaaKoi
3a7ja4i CTOXaCTUYHOI ONTHUMIi3alii, o [03BOJIsEe IJ14 il pO3B'SI3aHHS 3aCTOCYBATU Cy4aCHi aJalITUBHI METOAU
CTOXaCTUYHOI ONTUMI3allii, SIKi BAKOPUCTOBYIOTbCS 1J151 HABUAHHS [MIMOMHHUX HEPOHHUX Mepex; 2. Po3pobiieHo
HOBUM METOJ, CTOXaCTUYHOI KBa3irpasiieHTHOI KyacTepu3allii, SKuil BAKOPUCTOBYE CyoAudEPEHIIiINIOBaHY LiIbOBY
(dYHKIIiI0 TPaHCIIOPTHOI BiZICTaHi Ta CTOXaCTUYHY allpOKCUMALLil0, IO O3BOJISIE€ OL[iHIOBATH ONTHUMAaJIbHI
PO3MillleHHSI JeHTPOiliB JInllle 3 BUKOPUCTAHHSIM MiJIMHOXWHY HaBYQJIbHUX JJAHUX i IOTpeOye MEHIIY KiJIbKiCTh
004U CII0BAIbBHUX PECYPCiB. 3alIPONIOHOBAHUI METOJl Ma€ TEOPETUYHO JOBENEHI ACMMIITOTUYHI rapaHTii 361KHOCTI
Ha OCHOBI BJIaCTMBOCTEN y3arajibHeHOI nudepeHniiioBanocTi 1inboBoi PpyHKLii; 3. BpaxoByoouy, 1o MeTor,
CTOXaCTUYHOI KBa3irpalieHTHOI KacTepusallii Mae JoBefeHy 301KHICTb JinlIe 10 JIOKaJIbHUX €KCTPEMYMIiB 11iJIbOBOI
(yHKIIii, 3a[IpOIIOHOBAaHO HOBMI METOJ, 10YaTKOBOI iHilliasizallii LeHTPOoiziB 3a JOIIOMOT0I0 XaAi6HOTO aJrOPUTMY B
KOMOiHallii 3 JUCKPEeTHOIO ONTHMI3allielo Ta MogudiKallilo CTOXaCTUYHOI KBa3irpagi€eHTHOI KyacTepusarliii 3
BHUKOPHCTaHHIM METaeBPUCTUYHOIO MeTOAYy IruQepeHLiasbHOI eBOJIIOL], [0 03BOJIsE 3iMICHIOBATH ITOIMIYK
ry106aJIbHUX eKCTPEMYMIB HEIJIaJIKoi HEOIyKJIOoi 11isiboBOi PYHKIIi Ta MiABUILNATHU SIKICTb KJlacTepU3allii 3a paxyHOK
VHUKHEHHS 30KHOCTI 0 HEONITUMAa/IbHUX JIOKQJIbHUAX PO3B'SI3KiB; 4. YIOCKOHATIEHO CKIHU€HHO-Pi3HULIEBUI METOZ,
ONTHMI3allii HerJagKNUX HEONYKIIUX LiNbOBUX (PYHKIIN 3a JOIIOMOTOI0 METOAY 3IJ1aIKyBaHHS (ycepelHEeHHS)
YHKLUIN 1715 MOIIYKY TOYOK eKCTPEMYMIB, BUKOPHUCTOBYIOUM CKiHUE€HHO-Pi3HULEBY allpOKCHMAllilo rpajieHTiB
B3[I0BXX CTOXaCTUYHUX HAIPSMKiB. TeOpeTUYHO JOBEIEHO CYOJIiHINHY IBUIKICTh 301 KHOCTI CTOXaCTUYHOTO
CKiHYE€HHO-Pi3HULIEBOTO METOZY /Jis JIiNmuIeBux onykanx QyHKILiii; 5. YIOCKOHATIEHO CTPYKTYPY CTOXaCTUYHOIO
iHBepTOBaHOTrO ($aiiyIoBOTO iHAEKCY [1J11 IHKpEeMEHTHOTO iHeKCYBaHHS BEKTOPHUX JIAHUX, e IJIs inaeKcarii
BUKOPHUCTOBYETBCH 3aIIPOIIOHOBAHUI METO]J] CTOXaCTUYHOI KBa3irpaJi€HTHOI KacTepusaliii, B yMoBax JUHAMI4HO]
3MiHM BiJIIOBiIHOTO PO3MOAiNy JaHUX Yepe3 CE30HHI 3MiHM, CoLiooriuHi (pakTopH, Towo. [IpobremaTuka.
KrnacrepHuit anasi3 € OCHOBOIO Cy4YaCHUX CUCTEM LITYYHOTr'O IHTEJIEKTY, 30KPEMA aPXITEKTYP 3 IIOUIYKOM 33
cxoxicTio (RAG, RETRO) Ta BekTOpHUX 6a3 JaHUX MibsipAHOro MacuTaby, e inBepToBaHi (aiinosi ingexkcu
Oy[yI0TbCSI IEPEBAXHO METOJIOM —CEPEeIHIX. [CHyI0Ui MeTOM KylacTepu3allii Ha OCHOBI LIEHTPOIfiB MalOTh HU3KY
CyTTEBUX OOMesKeHb. [1o-niepiue, KIaCUYHiI METOMIU ~CEPENHIX, ~MeliaH, TApMOHIYHUX Ta HEWITKUX -CEepEAHIX
noTpebyI0Th OGUNCIIIOBAJILHOI CKIAHOCTI Ta ITaM'sITi IOPSAIKY Ha iTepario, OCKiJIbKY OHOBJIEHHS LIEHTPOINiB
BMMarae I0BHOT'O ITPOXOJy IO BCbOMY Hab0py 3 BEKTOPiB PO3MIPHOCTI , 1110 CTa€ BaXKKOIO 3a7la4yelo Ha MaclTadax
NOPSIIKY - HA TUIIOBOMY OOYMCJIIOBAJIbHOMY 06J1aiHaHHi. [To-apyre, HinboBa (PyHKIisl BHYTPIIIHbOKJIACTEPHOI CyMU
KBa/IpaTiB € HEOIYKJIOO Ta 3a7jaya MOIIyKYy ii rimobanbHoro MiHimymy NP-Baskka, a kylacuyHi ferepMiHOBaHi MeTogu
30iraroThcs Juille 4O JIOKAJIbHOTO ONITUMYMY, SIKUI CUJIBHO 3aJIE5KUTD Bifl MOYaTKOBOI iHiljianizanii neHTpoinis.
HaBiTb yj0CKOHANIEHHS 5K -CepeAHixX++ 3a0€3I1euyI0Th JIALIE rapaHTio. [To-TpeTe, niciis 1o6ynoBY iHAEKCY HOro
LIEHTPOIIA Ta MEXi PO3OMTTS 3a/IMIIAI0THCSI HE3MIHHMMY, 110 B YMOBax PO3MOAINBHOrO Ipeidy NpU3BOAUTH [0

3pOCTaHHS [IOMWJIKHM KBaHTHU3aLii, JucbanmaHcy po3MipiB KiacTepis i ferpangauii IKOCTi OIMIyKy.

2. Thesis for the degree of Doctor of Philosophy in the specialty 113 «Applied Mathematics». - National Technical
University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute», Kyiv. - 2026. The purpose of the work is to
improve the quality of clustering and reduce computational costs when processing big data, as well as to ensure
iterative update of index structures in vector databases that is robust to distributional drift without the need for
their periodic complete reconstruction. To achieve the stated purpose, the following research tasks have been
defined: * conduct an analysis of existing clustering methods and identify their advantages and disadvantages in
solving cluster analysis problems; ¢ develop the stochastic quasigradient clustering method based on the
transportation problem with moving centers using the Kiefer—-Wolfowitz stochastic approximation; ¢ derive
convergence conditions of the proposed method and investigate the convergence rate using elements of non-
smooth analysis; * introduce a stochastic inverted file index data structure based on an existing data structure
using the proposed method to partition the metric space of the input data; * conduct experimental studies on open



datasets Iris, MNIST, and ImageNet and assess the accuracy of the obtained results using statistical metrics such
as the Rand index and mean squared error. Scientific novelty. The thesis presents the following novel scientific
results: 1. The clustering problem is reduced to a new non-convex non-smooth stochastic optimization problem,
which allows for its solution to apply modern adaptive stochastic optimization methods used for training deep
neural networks; 2. A new stochastic quasigradient clustering method is developed, which uses a subdifferentiated
transport distance objective function and stochastic approximation, which allows estimating optimal centroid
placements using only a subset of the training data and requires fewer computational resources. The proposed
method has theoretically proven asymptotic convergence guarantees based on the properties of generalized
differentiability of the objective function; 3. Considering that the stochastic quasi-gradient clustering method has
proven convergence only to local extrema of the objective function, a new method of initial centroid initialization
using a greedy algorithm in combination with discrete optimization and a modification of stochastic quasigradient
clustering using the metaheuristic method of differential evolution is proposed, which allows searching for global
extrema of a non-smooth non-convex objective function and improving the quality of clustering by avoiding
convergence to suboptimal local solutions; 4. The finite-difference method of optimizing non-smooth non-convex
objective functions is improved using the method of smoothing (averaging) functions to search for extrema points,
using finite-difference approximation of gradients along stochastic directions. The sublinear convergence rate of
the stochastic finite-difference method for Lipschitz convex functions has been theoretically proven; 5. The
structure of the stochastic inverted file index for incremental indexing of vector data has been improved, where
the proposed stochastic quasi-gradient clustering method is used for indexing, under conditions of dynamic
change of the corresponding data distribution due to seasonal changes, sociological factors, etc. Problem
statement. Cluster analysis constitutes the foundation of modern artificial intelligence systems, particularly
similarity-search architectures (RAG, RETRO) and billion-scale vector databases, where inverted file indices are
constructed predominantly by means of the -means method. Existing centroid-based clustering methods exhibit a
number of substantial limitations. First, the classical -means, -medians, harmonic and fuzzy -means methods
exhibit per-iteration computational and memory complexity of order , since updating the centroids requires a full
pass over the entire set of vectors of dimension , which becomes infeasible on commodity hardware as reaches -.
Second, the within-cluster sum-of-squares objective is non-convex, finding its global optimum is NP-hard, and
deterministic methods converge only to a local optimum whose quality depends strongly on the initial choice of
centroids; even refinements such as -means++ provide only an guarantee. Third, once an stochastic inverted file
index has been built, its centroids and partition boundaries remain frozen, so that under dynamic distributional
drift (seasonal changes, sociological factors, evolving content) the quantization error grows, the partition sizes
become unbalanced, and the quality of downstream retrieval and generative models deteriorates.
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